Introduction
Thermocapillary or thermal Marangoni effect occurs when the transport phenomena along an interface under the effect of a surface tension gradient are caused by a temperature gradient. This phenomenon has a lot of interest both for its fundamental aspect and for its practical applications such as the process of crystalline growth, thermal insulation, nuclear reactors and solar collectors.
The thermocapillary convection problem has been the subject of several numerical and experimental studies. For 2-D problems, a recent numerical investigation based on a new FDM algorithm, which studies natural convection (MHD) in a differentially heated rectangular cavity, was carried out by Yu et al. [1] . Numerical simulations are performed in large ranges of Rayleigh and Hartmann numbers for a fixed Prandtl number (Pr = 0.025). The results show that the application of the inclined magnetic field reduces the rate of heat transfer and can control of the flow.
Cen et al. [2] showed that the flow and temperature fields are considerably modified due to the Lorentz force. They proved that a vertical magnetic field magnitude equal to (128 mT) can dampen temperature fluctuations, particularly in the region near the growing crystal.
In addition, other remarkable and interesting works on the numerical modeling of crystal growth under natural convection were presented by James and Dubljevic [3] , Grants and Gerbeth [4] and Satunkin [5] .
Kandaswamy et al. [6] studied numerically the natural convection in a square cavity with partially heated vertical walls in the presence of a magnetic field. Based on the nine different combinations of active positions, they found that the rate of heat transfer is increased in thermally active (mid-middle) places while it is poor for the high-low case. They concluded that the mean Nusselt number increases with the increase of the Grashof number but decreases with the increase of the Hartmann number. Moreover, when Ha = 100, the convection is completely suppressed and the heat transfer in the cavity is mainly due to the conduction mode. A numerical study is carried out by Rudraiah et al. [7] to understand the effect of the magnetic field on the circulation caused by the combined buoyancy and thermocapillarity mechanism in an open rectangular cavity filled with a fluid of the low Prandtl number (Pr = 0.054). For large Marangoni number values, two counter-rotating cells are formed at the upper and lower half of the enclosure. They proved that if Hartmann number increases, the temperature field is similar to the conduction one and the current lines are elongated in the horizontal direction. The upper cell is crowded and stretched along the free surface. Hamimid and Amroune [8] studied the case of a laterally heated horizontal cavity with a shape ratio equal to 1 and Pr = 0.015 subjected to two forces of surface tension and buoyancy. The conclusions that can be drawn from this work are that in the case of the vertical magnetic field, the two isotherms and the current lines are equidistant. Also, the flow becomes unicellular and can be considered dominated by conduction phenomena.
On the other hand, in the case where the magnetic field is horizontal, the flow becomes multilayer since the intensity of the magnetic field increases and the maximum absolute values of the current function appear to be higher than the corresponding values obtained for the vertical field.
Hossain et al. [9] studied the thermocapillary convection problem combined with thermogravitational convection in a rectangular cavity for a liquid metal (Pr = 0.054). They studied the influence of variation of magnetic field direction and the presence of internal heat source on the flow and temperature fields. They represented the results for a Ma = 1000, the number of Grashof varying between 2·10 4 and 2·10 6 , a Hartmann number between 0 and 40 and for a heat generation parameter, λ, between 0 and 40. The authors mentioned that a change in the direction of the external magnetic field from horizontal to vertical decreases the two thermo-gravitational convection cells while the surface tension forces increase the intensity of the thermocapillary cell.
They noticed that the increase in heat generation parameter increases the size of the gravitational convection cell until it occupies the entire cavity. Therefore it increases the forces of gravity by accelerating the flow of fluid. They further indicated that the fluid temperature increases when the internal heat generation parameter increases. Other interesting results related to MHD, thermo-capillary convection and partially heated cavity can be found in the literature [10] [11] [12] [13] [14] [15] [16] [17] [18] .
To our knowledge the coupling between magnetic field, thermocapillary forces and buoyancy forces in a cavity equipped with partially heated walls has never been investigated. In the present work, we carry out a direct numerical study of magneto-thermocapillary-buoyancy convection in a partially active 2-D cavity.
Mathematical formulation and numerical method
Consider the unsteady 2-D natural convection flow of fluid in a square cavity of length, L, as shown in fig.1 filled with a fluid of low Prandtl number (Pr = = 0.054), the two side walls are partially and differentially heated. The other two horizontal walls are adiabatic. Gravity acts perpendicularly to the x-axis and the external magnetic field, B 0 , is applied in parallel to gravity. The induced magnetic field is considered as negligible compared to the applied magnetic field. The free top surface is assumed to be flat and non-deformable. The surface tension at the upper limit is assumed to vary linearly with temperature. Under the above assumptions and under the Boussinesq approximation, the mass, motion and energy conservation equations in a 2-D Cartesian co-ordinate system are:
Based on the stream function-vorticity formalism and using the following dimensionless parameters:
The governing equations become: 
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where the non-dimensional parameters that appear in the equations are: Pr / ν α = Prandtl number, 3 2 
In active parts:
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The PDE (5)- (8) governing the MHD flow field with the associated boundary conditions has been written using FORTRAN language. All equations are integrated over a control volume with a central-difference scheme for treating convective terms. A fully implicit first order Euler time scheme is retained to discretize the temporal derivatives.
One obtains a set of algebraic equations for the vorticity, stream function and energy. This algebraic set of equations is solved using successive over relaxation (SOR) method based on the Gauss-Seidel iterative solver. Grid independency checks are performed and a uniform mesh with 101×101 control volumes is found sufficient enough for the desired accuracy. Finer meshes are tested showing no significant improvement in the results. The non-dimensional time step is chosen equal to 10 -4 which ensures the stability of the calculations. The stopping criterion is satisfied as soon as:
for each time step, where the superscript k designates the k th iteration of the SOR algorithm.
Results and discussion
The MHD-buoyancy-thermocapillay convection of an electrically conducting fluid is numerically investigated in a differentially heated square cavity with partially active walls. Nine configurations according to the positions of the active parts are studied. The numerical simulations are based on a wide range of parameters: Pr = 0.054, 0 ≤ Ha ≤ 100, 0 ≤ Ma ≤ 10000, and 2.10 4 ≤ Gr ≤ 2.10 6 . The flows caused by buoyancy and thermocapillary effects have strongly different origins. The buoyancy convection is due to density variation and thus its effect is distributed on the entire cavity, in opposition the thermocapillary effect which is a surface tension driven phenomenon occurs almost near of the free surface.
The chosen low value of Prandtl number corresponds to semi-conductor melts and liquid metals. The interaction between the magnetic field and the motion of such high electroconductivity fluids causes the creation of a Lorentz forces that affect the flow structure, temperature field and heat transfer rate that are presented respectively in terms of streamlines, isotherms and average Nusselt number. The main objective of the present work is to study the interaction and the mutual effects of magnetic, thermocapillary and buoyancy forces.
Code verification
Obtained Nusselt numbers for differentially heated square cavity for different Rayleigh number, Hartmann number, and Marangoni number are compared with those of Rudraiah et al. [7] and illustrated in tab. 1. It can be seen that our numerical results agree well with the earlier investigations, with maximum error around of 2 %.
Results without magnetic field
In absence of the vertical magnetic field, the flow structure and temperature fields inside the differentially heated square cavity with partially active walls are illustrated by the streamlines and isotherms in figs. 2 and 3 respectively. Figure 2 illustrates the competition between the termocapillary and buoyancy forces for Gr = 2.10 6 , different values of Marangoni number and different active part locations. It should be noted that in the studied configuration, positive values of Marangoni number imply that thermocapillay and buoyancy forces are opposed since gravitational force and y-axis are downwards oriented. Thus buoyancy force tends to rotate the flow in clockwise direction and the opposite for the thermocapillay force. In absence of themocapillary effect, figs. 2(a)-2(c) the flow is characterized by one single clockwise cell with a perfect central symmetry in the case middle-middle due to the symmetrical boundary conditions. Due thermocapillay force, the flow becomes divided into two regions; a top localized cell induced by the surface tension and a lower cell caused by the buoyancy force. For Ma = = 1000, the thermocapillay cell rotates anti-clockwise and grows stronger in size and intensity for the high-high case, fig. 2 (e) due to the higher temperature gradient near of the free top surface. For higher Marangoni number (Ma = = 10000) the intensity of themocapillary induced flow is enhanced. For the high-high case, fig. 2 (h). The flow structure is characterized by only one anti-clockwise cell. This is due to the increasing role played by the thermocapillary force that dominates the effect of gravitational force. The temperature field is also affected by tension surface effects, which causes the distortion of isotherms at the center vertical line of the cavity. In addition isotherms become compacted near of the higher temperature active part especially for the high-high, case fig. 2 
(e).

Results with magnetic field
The interaction between the high conductive fluid motion and the magnetic field produces the Lorentz force that affects flow and temperature field in the cavity. The flow structure and the heat transfer is largely infected by the presence of thermocapillary forces, hence the need to control the flow by the application of the magnetic field.
The effect of the vertical magnetic field magnitude (Ha = 100) on the streamlines and isotherms is shown in fig. 3 . In absence of thermocapillay effect and by applying the magnetic field the structure becomes bi-cellular 
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with a strong reduction of the flow intensity especially at the core of the cavity, figs. 3(a)-3(c) . By introducing the thermocapillary effect, the flow structure is affected especially for Ma = 10000. For all active part combinations cells are clockwise indicating that thermocapillary force is more sensitive to the magnetic field damping effect. This is expected, since the thermocapillary flow is mainly confined near the top free surface. This conclusion is boosted by the temperature field. In fact the magnetic field suppresses the central distortions, removes the vertical stratification and reduces the compaction near of the active walls. It is noted that the less distorted isotherms means a weak convective heat transfer. Figure 4 , presents the variations of average Nussselt number with Grashof number for the middle-middle case and different values of Hartmann number and Marangoni number. For low and moderate Marangoni number (0 and 1000) variations are increasing with Grashof number for all magnetic field strength. For higher Marangoni number (10000) variations presents a decreasing part for Gr < 2.10 5 due to the competitiveness between the thermocapillary and buoyancy forces. In this range of Grashof number the thermocapillary force dominates slightly and reduces the heat transfer rate by opposing the convective flow.
Note that magnetic forces greatly affect heat transfer and for Ha = = 100 the Nusselt number is almost constant and no longer depends on Grashof number. Figure 5 presents the variations of average Nusselt number vs. Grashof number for the nine studied case related to the position of the active parts. Results are presented in absence and in presence of the magnetic field for fixed Ma = 100. Results shows that the middle-middle case has higher heat transfer rate and high-low configuration presents the lower one. This is due to the positions of the active parts that are non-favourable for enhancing the convective flow (the higher part is at the top and the cold parts is at the bottom).
The effect of the magnetic field on the heat transfer is presented in fig. 6 , for the nine configurations and a fixed Grashof number, Gr = 2.10
6 . With and without considering the thermocapillary effect the magnetic field is found to reduce the heat transfer especially for high Hartman numbers, this is due the produced Lorentz forces that oppose the convective flow. It is noticed that for all configurations and all Hartmann number, the average Nusselt is higher by considering the thermocapillary effect.
Conclusions
The effect of an external vertical magnetic field on the combined buoyancy and surface tension driven convection in partially differentially heated square cavity has been carried out numerically. The finite volume method is used to solve the governing equations for a wide range of dimensionless parameters and nine configurations related to the positions of the active parts are studied. The main findings of the study are presented as follows: y The flow structure is affected by the thermocapillary force especially near of the free surface. y For high magnetic field magnitude the temperature filed is similar to the pure conductive mode. y The heat transfer rate is more important for the middle-middle case and is the lowest for the top-bottom case. y For all Marangoni numbers (except for Gr < 2000, Ma > 10000 and Ha < 10), the average Nusselt number increases with Grashof number and decreases with Hartmann number.
